The other approach, which has become synonymous with science in most people's minds, can be identified as mechanistic, reductionist, anthropocentric, competitive, hierarchical, absolutist and posited on the efficacity of prediction and control. But the ultimate hegemony that the mechanistic view has achieved has more to do with political and economic expediency than any innate theoretical superiority. Just the same, mechanism has reached its own limits. It has failed both practically and conceptually to deal with the complexities of nature and human culture and is arguably responsible for many of the environmental and economic crises currently facing humanity.
A B S T R A C T
The author suggests that new concepts in twentiethcentury science not only provide commonalities between the arts, sciences and humanities, they also point to the emergence of a new philosophy of nature with some promising political, sociological and technological implications. These developments demand a thoroughgoing ethical practise and a fundamental reformulation of accepted notions of creativity, consciousness and natural and social organization. Outlining key concepts and discoveries in twentiethcentury science and philosophy, the author draws attention to the existence of a strong organismic or process tradition in Western culture that is r e emerging in various fields of the physical, biclogical and social sciences. The author asserts that such a change in science and technology will have global ramifications for humans and that it is the amplification of these insights to which artists should turn their attention.
A new scientific philosophy of nature is, however, beginning to emerge-a philosophy that has more in common with the organismic approach than it does with the mechanistic. A central focus of its attention is the empirically demonstrable interconnectedness of all things; an interconnectedness that demands a thorough-going ethical practise, encompassing not only human activities but natural processes as well. It is also a philosophy that demands humility; the old certainties of unrestricted prediction and control are grounded on false assump tions. Some scientists claim that this change heralds the beginning of the post-Einsteinian era in both science and human culture: the recognition that "God does play dice" and that uncertainty and chaos are not only ubiquitous throughout the universe, but also provide the dynamic matrix within which new forms of order are constantly being created. Such a conclusion should prove interesting to both artists and scientists. Having emerged from a number of different scientific disciplines, the new evolutionary pafadigm of self-o7ganization accepts as one of its fundamental premises the notion that creativity is immanent in all natural processes, including human culture. In such a view, humanity and technology are regarded as recent evolutionary manifestations of a creative principle that embraces the whole cosmos. The transformative powers of art and science are but two manifestations of this ongoing creative process.
AN OLD WORLDVIEW WITH A NEW MYTHOLOGY
T h e idea that nature is inherently dynamic and creative, rather than passive and simply created, is both ancient and widespread. It exists in Taoism and other Eastern philosophies, as well as in the shamanic and matriarchal belief systems of tribal and early agrarian cultures. This idea can also be found in certain strains of Western mystical a n d religious thought. But perhaps most importantly for artists and scientists, various manifestations of this idea, which has come to be known as mganicism, have survived into the present through the alchemical, vitalist and romantic traditions of Western art, science and philosophy [2].
Although organicism has been made to appear esoteric, occult and distinctly "unscientific" in the latter half of the twentieth century by self-proclaimed "realists" and "rationalists" [3] , it has nevertheless reemerged in the evolution of process-oriented approaches in a number of different scientific fields. The shift in orientation marks a profound transition in science's understanding of nature and culture. It is a shift that began with relativity, quantum theory and cybernetics and is now continuing through numerous It is my contention that the shift to process-oriented science heralds the emergence of a new and highly sophisticated form of organicism. Although it does share something in common with older organismic philosophies, it incorporates a wealth of new empirical insights that are applicable to a vast range of hitherto poorly understood phenomena in the physical and social sciences.
Some of the unifying principles that have emerged from this shift to a process-oriented science are the complementarity of matter and energy and of field and form in any description of physical and behavioural processes; the essential openness and unpredictability, yet interdependence, of all phenomena; the self-similarity that natural processes show at different scales; the fundamental role that chaos plays in the spontaneous creation of more complex forms of natural order; and the recognition that individual perception does not passively mirror an objective reality "out there," but instead is a process by which organisms actively create the world of experience For Hegel, the term "organism" not only applied to the realm of nature with its biological systems, but also to the realm of geist ("spirit" or "culture") with its political and cultural systems and institutions. Hegel was, however, unwilling to extend his concept of organism into the so-called "inorganic" world because he believed, as did many of his contemporaries and successors, that inanimate nature is governed by mechanistic laws Whitehead and Sheldrake have drawn attention to quantum phenomena to justheir claims [9], Jantsch has pointed to far-from-equilibrium phenomena. The arguments in favour of these positions will be discussed later. All three have sup ported the notion that organismic behaviour is pervasive throughout nature and human culture.
Along with Hegel, all of these theorists have agreed that an organism can be defined as a cooperative, self-organizing entity characterized by the immanence of its pattern of organization. These immanent patterns of organization share some features in common with the theological notion of "spirit." They have been called pneuma by the Stoics; entelechy by Aristotle; monads by Anne Conway and Liebniz; Begrifj or absolute ideas, by Hegel; individual subjective aims, or initial primordial aims, by Whitehead; emergent systems properties by Jantsch; and mqbhic jieids by Sheldrake.
Both Jantsch and Sheldrake have drawn attention to the fact that these immanent patterns of organization must contain some kind of organic memory. Both have proposed that this memory is contained within probabilistic fields of organization that give form to physical and mental phenomena.
On the one hand, these fields of organization transcend spatial separation. On the other, they have the ability to accumulate information over time. Consequently, each organism has a unique memory that constitutes its own individual history, but this unique history emerges from a more inclusive systemic memory corresponding to the historical background of the larger environment in relation to other organisms of its own kind.
Like a number of other philosophers, including Friedrich Nietschze, Samuel Butler and C. S. Peirce, Sheldrake has proposed that this organic systems memory is not just a feature of what we understand as life, but of the whole of the natural world. He proposes that each kind of organic system, whether it be a crystal, a bird or a particular form of behaviour, is shaped by mmphicjieids, from the Greek word moqbhe meaning "form." These morphic fields are specific to particular processes, shapes and patterns, and contain a collective and cumulative memory of all that system's past and present states. They are also probabilistic, rather than fixed ( Kandinsky's insights were undoubtedly influenced by evolutionary speculations of his time-the essay from which this quote is taken specifically mentions the evolution of new values as the impetus for social and cultural transformation. It is interesting to not& that Kandinsky's metaphysical speculations at the turn of the century are, in fact, much closer to contemporary scientific conceptions of the organization of matter than is the atomistic materialism that remains the "commonsense* view to this day.
With these points in mind, it now seems appropriate to discuss the remarkable foresight of some other artists earlier this century who tried to promote a synthesis of science and art within an organismic framework. Generally regarded by their contemporaries as either mad or hopeless idealists, these artists have been1 better treated by time than have theit critics. Of all these artists, the one who appears today to have been most relevant in his concerns and aspirations is Joseph Beuys-a man who lived and breathed his personal philosophy to his deathbed.
THE EXPANDED CONCEPT OF ART
Beuys was convinced of the pressing social need to forge a new and dynamic relationship between art and science. His statement that "everyone is an artist" came from his belief that the word "art" refers to universal creative faculties that manifest themselves not only in nature, but throughout human culture. Whether it be in medicine, agriculture, education, law, economics or administration, this universal creativity finds its constant expression in innumerable cultural forms. For Beuys, the principle of creativity was identical to the notion of constant renewal and resurrection. This basic principle, Beuys believed, should constitute the foundation for a "new science of freedom. " Beuys believed that, once an established cultural form becomes paralyzed and incapable of further evolution, it must be metamorphosed into a living, dynamic form that further cultivates development and creative expansion. This was the basis for Beuys's "expanded concept of art." In the words of Heiner Statchelhaus, the expanded concept of art 'has no mere theory, but a basic principle of existence that transformed everything" [ 121.
In formulating this concept, Beuys came to the conclusion that human culture (including science) had evolved from "fundamental ideas on art." These ideas were expressed culturally through collective or individual rituals aimed at maintaining or reestablishing an intimate relationship with nature on the basis of personal experiences. It was through such rituals that song, dance, theatre, sculpture and painting evolved.
As Merchant points out in her groundbreaking work The Death of Nature, such rituals, and the spiritual beliefs they embody, act as normative constraints on human activity [13] . In other words, if one believes that the earth is one's mother and that to dig a mine shaft is to tear her flesh and open her womb, certain ethical and spiritual observances must be made.
The emergence of industrial society in the West with its correspondingly mechanistic approach to nature and culture rapidly put a stop to such "superstitious" and "irrational" behaviour. Beuys's familiarity with scientific literature had made him very much aware of how the institutionalization of scientific mechanism had undermined the cultural significance of these earlier organismic beliefs. He recognized this as a process that had led not only to increasing fragmentation in modern society, but to personal alienation, both from nature and from the deeper levels of our own experience.
Rather than turning his back on science, however, Beuys sought instead to draw attention to this social process and to the fact that the modern state had evolved symbiotically with the mechanistic view. Yet, he believed that despite their ideological collaboration, it was necessary for this reductive process to have taken place. For it was in this way that we came to accept a mental discipline which stimulated 0111 activities to such a n extent as for them to become a process of liberation; in other words, we rediscover ourselves in this process as being independent from God and all former ties, but that WP must redzsrovw these tips m a higher plan?, after we have, as it were, freed ourselves 1141 [italics mine].
'The expanded concept of art," "a new science of freedom": to Beuys these two concepts were synonymous. Of course, Beuys is not the only person to have expressed such ideas. As long ago as 1915, a year before his untimely death, Franz Marc made this comment:
The art to come will be giving form to our scientific convictions. . . . It will be profound enough and substantial enough to generate the greatest transformation the world has ever seen [ 151.
Wassily Kandinsky expressed similar views around the same time [ 161.
SYSTEM EVOLUTION: TIME AS AN IRREVERSIBLE

PROCESS
Tame is a nvrr wliarh siuprps mr along, but I a m the nvrr, i t zs u lzger whzrh dpstrays me, but I urn Lhr tzgw, it zs afire whzrh consumrs me, but I am the fire -Jorge Lui5 Borges 1171 Fundamental to any understanding of t h e organismic behaviour evident throughout nature is the recognition that time is an irreversible process. All of the natural structures that we perceive in the universe, from galaxies to snowflakes to human beings, have been brought into being through processes that occur in the forward flow of time. Such an observation may at first seem banal, but the irreversibility of natural processes has important implications for all manifestations of life and evolution.
Although it may seem somewhat strange, both classical and quantum physics treat time as though it were reversible. The belief that time is a mere illusion has been a persistent one among scientists until this century. Consequently, past, present and future have invariably played the same role in the scientists' equations. But such a description does not correspond with our everyday experience. Nor does it correspond with the real evolution through time of most natural phenomena. Science-fiction stories and modern recording devices may have made us familiar with the concept of reversible time, but as far as the vast majority of natural systems is concerned, time is never reversible. It may flow at an almost infinite multiplicity of different rates through different processes, but it does, nevertheless, always flow in one direction-from past to future.
The concept of evolution obviously incorporates the notion that time is irreversible. Yet, in the three scientific fields in which the concept first emerged, i.e. biology, physics and sociology, the word "evolution" has had quite different meanings.
In physics, the concept of the evolution of a (mechanical) physical system was introduced by Sadi Carnot in 1824 but was later formalized in the 1850s by Rudolf Clausius as the Second Law of Thermodynamics. The Second Law states that all physical systems tend towards thermodynamic equilibrium with their environment. In other words, everything in the universe inevitably loses energy to the environment over time, until energetic equilibrium with the environment is reached. At equilibrium, all processes, e.g. motion and heat exchange, come to a standstill. According to Ludwig Boltzmann's later conception of the Second Law "$1, the available energy in the universe is inevitably running down; increasing m t w , or molecular disorder, is characteristic of all systems (entropy being a measure of the energy in a system that is no longer available for work). Jantsch reports that the filmmaker and novelist Alain Robbe-Grillet once described his work as following this same, disintegrative process [ 191, a fact that underscores the wider influence of Boltzmann's pessimistic misconception.
The central problem with the above description is that it only holds true for systems already at, or very close to, equilibrium with the environment. Examples of this range from crystals, machines and experimental apparatuses (essentially equilibriwn stmctures) to our own solar system and the trajectory of a bullet or missile on the surface of the earth. Both of the latter are near-eguilibrium systems that are passively shaped or acted upon by gravitational fields. Systems at, or close to, thermodynamic equilibrium cannot draw energy from the environment to increase the complexity of their own structures. In other words, the kinds of systems described by classical dynamics are passive to the forces that are intrinsic to their own nature or that are imposed on them from the environment.
However, in biology and sociology, evolution describes transformations or changes that lead to higher orders of complexity. Biological and sociological systems are not passive to the forces intrinsic to or imposed upon them. Such systems are inherently dynamic and selfmodifying in response to changes in their environment [20]. They are not just acted upon, they are themselves actors.
These two scientific descriptions of evolution appear contradictory. On the one hand, we have increasing disorder in thermodynamics and, on the other, increasing order in biology and sociology.
GENERAL SYSTEMS "I-IEORY AND HIERARCHICAL ORGANIZATION
One of the first steps towards an integration of these apparently contradictory ideas occurred in 1952, when Ludwig von BertalanfQ published his first book, Problems of Lijie [21]. It described a new approach to understanding complex natural and technological systems, which he called General Systems Theory. The book was an attempt to formulate the beginnings of an integrated theory of order and organization in both "animate" and "inanimate" nature.
Von Bertalanffy felt that the mechanistic subject/object framework was inadequate, simplistic and misleading. What he proposed instead was an approach that sought to understand the way in which holistic, related systems function and evolve. As early as the 1930s, the quantum physicists Bernal, Schroedinger and Wigner had already come to the conclusion "that life is a member of the class of phenomena which are open or continuous systems able to decrease their internal entropy at the expense of substances or free energy taken in from the environment and subsequently rejected in a degraded form" the nervous and immune systems of insects, all systems display similar forms of hierarchical organization and a dynamic openness to the external environment that provides these systems with the energy, matter and information to maintain that organization.
The word "hierarchical" as a descrip tion of the stratified organization appare n t in nature has received some criticism, however, because it is rather misleading. When von Bertalanffy used the term "hierarchical," h e did not mean a control hierarchy with orders issuing from the top down, as in a modern corporation or feudal pyramid. Rather, he was referring to the successive evolution through time of forms and processes of increasing complexity, from the relatively simple at the subatomic level to the extremely complex interplay of processes apparent in human societies and the earth's biosphere.
In von Bertalanffy's original systemic view, natural order was thought to be stratified in discrete, but interrelated, levels within levels within levels Rather than using the analogy of an ancestral tree or a "Great Chain of Being" as a "metamodel" for evolution as so many evolutionists have done in the past, Gilles Deleuze and Felix Guattari have insisted on the importance of using an alternative organic "map" when describing the holistic interconnectedness of human and natural processes. They feel that a more appropriate descriptive model of the multiplicitous connections that exist between different orders of nature is the rhizome: "A rhizome is an underground sprout such as a bulb, not a root, but a stem. Its oldest parts die off in the same measure as it rejuvenates itself at the tip. Possum Nungurraye's painting Bush TuchDreaming (Fig. l a and Color Plate A No. 2), a symbolic representation of women's work, is a beautiful example of the Pintupi painters' genius. It is women's work to bring in food-wild bush fruits, berries, yams, beans, long beans, sweet flowers, emu eggs, bush banana, quandongs, seeds and water. They also collect feathers, fur and spinafex resin (a sticky black substance that sets hard-for making dance decorations and mending cuts), ochres for body paint, substances for sand paintings (flowers, feathers, crushed spinafex grass), soft tussocks or lily roots and firewood. They must grind seed and make and cook damper and witchety grubs. Fig. l b provides a key to the painting.
T h e work of other contemporary artists such as Australian painter/photographer Phillip George are similarly attempting to express an intuition of natural order (Figs 2a, b) [29].
In contrast to classical scientific conceptions of organization, in a rhizome there is no determining frame of reference, no control issuing from a central power source. In the words of Deleuze and Guattari, "Any point on a rhizome can be connected with any other, and must be. This is very different to a tree or root, which fixes a point and thus an order" [30] . In reference to Deleuze and Guattari's work, Jantsch comments that the rhizome is "a self-organizing process system-like a dissipative structure, the gene pool of bacteria, an ecosystem or the Gaia system" [31] . He also suggests that the three organic images of ancestral tree, root and connecting rhizome, taken together and applied according to their appropriate contexts, offer extremely useful descriptive analogies for what he calls time-and space-binding in evolution [32] .
Deleuze and Guattari's insights also find parallels in the following quote from the physicist Ilya Prigogine. His idea of a scientific description of nature "does not presuppose any fundamental mode of description: each level of description is implied by another and implies the other. We need a multiplicity of levels that are all connected, none of which may have a claim to pre-eminence" [33] .
These are, however, much more recent developments. Prigogine, Jantsch, Deleuze and Guattari have information at their disposal that von BertalanfQ certainly did not. It was to take more than 20 years for von Bertalanffy's initial insights to gel into a more complex and empirically testable theory of the dynamics of evolving systems. However, Deleuze and Guattari's insights into dynamic structuration are highly compatible with it.
NON-EQUILIBRIUM SYSTEMS THEORY
There is a region, midway between the diszntegration of chaos and the sterility of infallible order, in which life exists.
-Roland Penrose [34]
A decisive breakthrough in these new theories occurred in the late 1960s with Prigogine's pioneering work on dissipative structures in chemical reaction systems. These dissipative chemical reactions are not "normal" in the sense in which most of us are familiar. Until the 1950s, they were poorly understood, if they were recognized at all.
Some of these chemical reaction systems, such as the Enard instability, show the emergence of hexagonal cells as the solution reaches a critical temperature (Fig. 3) . Others, such as the BelousovZhabotinsky reaction, display the emergence of coloured spiral formations or concentric circles that become increasingly complex over time (Fig. 4) [ 
351.
What is most interesting about dissipative chemical reactions is that they display characteristics that normally we would associate only with living things. Like living organisms, these reactions "import" energy from the external environment in order to maintain or increase their own internal organization, while "exporting" unusable energy in the form of waste. Because chemical dissipative structures like the Belousov-Zhabotinsky reaction display life-like behaviour, it is possible that through studying them, we can find unifying principles that not only underlie the evolution of life, but that also show how "life" emerges from the so-called "inanimate" world.
Dissipative structures can only exist in conditions that are described by scientists as nonlinear or far-jvm+quilibrium. In these kinds of turbulent, unstable, chaotic conditions, matter displays radically different properties from those with which we are familiar from classical physics. In such conditions, matter and energy are able to self-organize.
As Prigogine points out, there are two kinds of chaotic or disorderly behaviour in nature, but only one of them generates self-organization. The first kind of chaos is that of thermodynamic equilil, rium-the random mush of molecules characterized by maximum entropy and the Second Law of Thermodynamics. The other kind of chaos is "active, hot and energetic-a far-from-equilibrium turbulent chaos" [36]. In the far-fromequilibrium conditions typified by turbulent chaos, new forms of order emerge and are maintained by a complex of nonlinear processes.
Traditionally, Western scientists have dealt almost exclusively with natural processes that display linear behaviour. Linear behaviour evolves gradually and predictably along a single path. This path can be plotted using the differential calculus of Newton and Liebniz. Such a path could be the orbit of one of the planets around the sun or the trajectory of a cannonball through the air. In a linear equation, there is always only one "correct" solution.
Because of the enormous predictive powers of such mathematics, classical science has focussed its attention on phenomena that demonstrate this kind of linear behaviour. Even in those cases where simple, predictable behaviour cannot be demonstrated, many scientists still feel confident that linear equations provide a useful approximation. But linear equations describe only the simplest and most regular phenomena that we find in nature.
Over the last few decades, however, the study of chaotic and dissipative systems has revealed that most natural phenomena actually exist in far-from-equilibrium conditions and exhibit nonlinear behaviour. Even some simple systems that normally show linear, predictable behaviour, such as pendulums and planetary orbitals, can be pushed into the nonlinear domain. In this nonlinear domain, a system has the ability to evolve along more than one possible path of behaviour. Equations with moye than one stable solution are required to model them. The number of possible paths the system can take determines the complexity of the probabilistic equation used to describe it. Far-from-equilibrium processes are thus essentially unpredictable.
Dissipative structures are a complex of far-kom-equilibrium processes. Whether it be a hurricane, a chemical reaction or an ecosystem, it is far-from-equilibrium processes that enable these dissipative systems to organize their own behaviour and structure. Through such a complex of irreversible processes, dissipative structures are able to continuously "import" matter, energy and information from other organisms and the external environment, while at the same time "exporting" matter and energy that is no longer available for work. In this way, dissipative structures are capable of exhibiting three special characteristics: self-regulation, selfrenewal and self-transcendace (i.e. the ability to creatively overcome structural and behavioural limitations). The Second Law of Thermodynamics is not contradicted by a system that behaves in this way.
Some very special conditions are required in order for dissipative structures to emerge. Certain bounduly conditions must be met, i.e. the space in which the reaction unfolds has to be over a certain critical size or volume. Usually, a catalytic agent must be present, i.e. a substance that aids or accelerates the reaction without itself undergoing a change. And the system has to be provided with a continuous influx of physical or chemical energy above some critical value or threshold that will allow the reaction to begin and maintain itself.
Let us take the human body as an example of a dissipative structure. The body takes in sensory information, food, oxygen and different types of energy, such as heat and Qther forms of electre magnetic radiation from the environment. It excretes unusable matter, energy and information back into the environment in the form of various waste products. These waste products are, in turn, recycled by other organisms. Through these interactive process es, dissipative structures can maintain an incredible structural and behavioural stability, despite the constant replacement and reproduction of internal components and fluctuating environmental conditions.
Such an observation leads us to the fact that dynamic stability is a ubiquitous feature of dissipative structures. On the one hand, this is the ability of an organism to resist environmental and internal fluctuations through negative feedback when such fluctuations threaten to overwhelm it. On the other hand, dynamic stability allows an organism to amplify some fluctuations through p d u e feedback when some kind of change in structure or behaviour is required. In those areas of behaviour in which a high degree of flexibility and creativity is required (e.g. social behaviour or food gathering), the organism remains highly sensitive to influx, close to a state of chaos.
In a dissipative organism, myriads of feedback loops are hooked together in such a way that its internal organization can continuously adjust to the demands of its environment. Removal or damage of some part of the organism can be partially or totally repaired by feedback processes that replace or compensate for the lost or missing part. This is not something we see happening in a machine.
ORDER THROUGH FLUCTUATION
Through his studies of dissipative chemical reactions, Prigogine discovered that the ordering principle underlying the dynamic stability of natural systems could be understood as order throughyuctuatinz.
A key to understanding this new ordering principle is the phenomenon of iteration. Practically every process in nature involves some kind of iteration. Iteration occurs whenever a process feeds some of its own outputs back into itself as it evolves over time. It is a form of dynamic self-reference that involves "the constant reabsorption or enfolding of what has come before" [37]. It happens in scrolling weather systems, in predator-prey relationships, in the cycling replacement of cells in our own bodies and in the constant process of creation and destruction of elementary particles from the vacuum state. Even at the cosmic scale, this kind of iterative, attracting, self-organizing behaviour is apparent in galaxial formations that are millions of light-years in size and duration.
In t h e nonlinear realm of most dynamical systems' behaviour, iteration can amplify small disturbances, making both predictability and determinism totally impossible. Such systems are "infinitely sensitive to the changing movement of everything else" [38]. This is what is known in chaos theory as "sensitive d e p e n d e n c e o n initial conditions"-the recognition that, in the right circumstances, a butterfly flapping its wings in Hong Kong can generate a week of storm activity 3 weeks later in New York. Such a recognition in the sphere of human activity has empowering ramifications for human agency.
In the words of Jantsch, "the role of fluctuations renders the laws of large numbers invalid, giving a chance to the individual and its creative imagination" [39]. This explains why, in the realm of human culture, one person or a small group of people acting or applying pressure in the right place at a sensitive time can have a profound effect on the outcome of a particular situation or, more importantly, on the evolution of wider social relations. Prigogine comments that "since even small fluctuations may grow and change the overall structure . . . individual activity is not doomed to failure"
The key to understanding how chaotic and dissipative systems actually evolve lies in the phenomenon of biJurcation. When any dynamical system is disrupted to the extent that it is unable to maintain its original stable state, it reaches the first of a series of instability thresholds, or h@r-cation points, and is forced to evolve in a new direction [41]. The evolution of a system from its stable state through these bifurcation points can be mapped using a bifurcation diagram (Fig. 5 ) . The possible paths of evolution that it represents resemble a "decision tree" with branchings at each instability threshold. Each branching represents two or more evolutionary options or choices for the system: "most of these choices lead to chaos, some to order. The ones that lead to order are stabilized by coupling iterations, creating an interlocked net of feedback" [42]. This stabilization process is known as autocatalysis or crosscatalysis [431.
Although many futures could manifest themselves at each instability threshold, only one actually does, and it is impossible to predict which path the system will choose. In a situation in which t h e choice of paths has not been successful, the steps in the process that led to that state are not stabilized by autocatalysis or crosscatalysis. In such a situation, a dissipative organism still has the choice of retreating along the same path on which it has already come. This is because it seems to "remember" the initial conditions that made a particular development possible [44].
Sometimes the organism will enter a chaotic regime and fluctuate erratically until either it begins to break up and dissolve into chaos or it is given another "push" into orderly behaviour. But if the organism is pushed far enough away from its normal stable state a n d has enough environmental energy/matter/ information at its disposal, it can evolve into a higher state of complexity that is better able to survive in the new conditions. This process is known as self-transcendence and is manifest at all levels of dissipative self-organization. It involves a break or flight from "business as usual" and is characterized by the spontaneous emergence of totally novel features in the organism, i.e. features that had not previously existed [45]. During this phase, an organism's energy and resource utilization undergoes a marked change.
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When the organism is close to its stable state, entropy production tends toward a minimum. But, near the instability phase, during the transition at which new structures form, the organism's entropy production increases significantly.
In other words, the system doesn't spare any expense for the creative building up of a new structure . . . as long as an inexhaustible reservoir of free energy is available in the environment. Only an established system, going for security, has to economize [46].
This principle holds for all dissipative systems, from spiral galaxial formations through to the Belousov-Zhabotinsky reaction and all of the more conventional manifestations of life and human culture.
Erich Jantsch, Humberto Maturana, Ilya Prigogine and Francisco Varela have all pointed out in their work that this kind of behaviour, which represents relative autonomy from the environment and the organism's capacity to "know" what has to be imported and exported to maintain and renew itself, can be understood as a primitive form of consciousness. This is true even at the level of a dissipative chemical reaction. I t seems that each of the constituents is in some sense "informed" about the position and activity of other parts of the system and that the whole can "remember" the past stages of its own evolution and make "intuitive," creative choices about which evolutionary path it should take.
THE CREATIVE ROLE OF CHAOS
In stark contrast to the classical mechanistic view, both chaos and nonequilibrium systems theory maintain that evolution proceeds &came of the increasing chaos and disorder in the universe, not in spite of them. In contrast to the modem orthodoxy of neo-Darwinism, chaos does not take freedom away from organisms by subjecting them to forces totally beyond their control. Instead, it can increase their freedom, provide them with information for potential behavioural modifications, and spontaneously generate new and more complex forms of order.
As environmental or internal chaos increases, the necessity of an organism's survival leads it to increasing complexity or, if it cannot cope, retrogressive behaviour or death. Although the processes that force evolutionary change may be chaotic, the changes themselves are not. They occur in coherent, evolutionary sequences that are probabilistic and, therefore, unpredictable. But they are not random as neo-Darwinists frequently claim.
The indeterminate or probabilistic nature of an organism's relationship to the environment implies that it has relative freedom in the behavioural options that are available to it at critical junctures. In the words of Briggs and Peat:
The greater an organism's autonomy, the more feedback loops required both within the system and in its relationship to the environment. In other words, greater freedom implies greater connectedness to the environment [47].
This conception of organismic freedom as relative to the complexity of the processes that constitute it is again in stark contrast to the evolutionary views of neeDarwinian nihilists, such as Jacques Monod and Richard Dawkins, who see "random" mutation and natural selection as "objective constraints" that narrow, if not totally abolish, the concept of
Perhaps one of the most inspiring things for artists about chaos and nonequilibrium systems theory is their recognition of a fundamental creativity in nature, and that it is chaos that generates this creativity. Perhaps more accurately, it could be stated that the response of dissipative organisms to far-fromequilibrium chaos is to be creative in order to survive. An organism's creativity, its novel response to disorder, is drawn from the very source that threatens to overwhelm it. Survival, creativity, freedom and chaos are thus intimately related at the instability threshold of evolving systems. As long as the organism's limitations do not force it to retreat along its own evolutionary path, the greater the disorder imposed on it, the greater its freedom of behavioural choice. Evolutionary order thus emerges from an infinite sea of disorder (0: "order of an infinite degree," in Bohm's words), a chaotic matrix that holds within itself infinite potentiality. Such an insight recalls the Babylonian myth of Tiamat, the primordial feminine Chaos, from which all creation proceeds.
The scientific recognition that chaos or disorder is responsible for spontaneously generating new order has long been recognized intuitively by artists, a point that is illustrated quite succinctly in this quote from Mir6: Western patriarchal society is, however, not overly tolerant of such anarchistic tendencies and often attempts to marginalize or denigrate artists (and other individuals) who display such sympathies. Chaos has been socially constructed as a destructive threat, rather than a creative force, and has, therefore, had a dead weight of negative moral baggage attached to it.
This observation leads us to the fact that, complementary to the radical creativity permeating nature and human culture are conservative "rules of the game" that limit and structure the behaviour of dissipative organisms.
Social conservatism is .just one example of how such rules can operate. Although these rules may themselves evolve, for those organisms that make inappropriate choices or that are pushed too far from their stable state to reorganize themselves, stagnation or disintegration will inevitably result. On the other hand, successful and well-timed choices can be quickly amplified and integrated into an organism's behaviour as a new "habit." This is especially true with regard to the evolution of human values, a n d , if Sheldrake's theory of formative causation is correct, current social movements and the values that they embody will quicken the pace of social change through morphic resonance. This means that the potential to make similar value changes will increase exponentially as t h e h u m a n population rapidly becomes more attuned to such shifts in thinking.
CONCLUSION
The social and political implications of the new paradigm of self-organization are extremely radical. If all of nature is constantly transforming, renewing and recreating itself and equilibrium is the equivalent of stagnation and death, we have an open-ended conceptual understanding for the continual transformation of human society. But rather than providing all t h e answers, or even attempting to d o so, this new organismic philosophy problematizes many areas of human life, especially those areas that touch upon work and creativity. My sincere hope is that the new science will help to provide a unifylng and authoritative framework within which a diverse range of c u r r e n t social movements (aimed at the amelioration of social and racial inequalities) can implement the initiatives for new solutions that are currently required.
The emergence of easily accessible video, computer and other communications technologies means that the ability of marginalized groups and individuals to have their voices heard becomes increasingly possible. The widespread creation and distribution of alternative forms of' information is already undermining the current hegemony of an oppressive a n d intensely patriarchal mode of thinking. We are in a situation that is comparable to the sixteenth and seventeenth centuries, when the printing press made it possible for the disenfranchised to assert their role in political and economic processes-a situation that led to a radical transformation of human society.
In the complex interplay of social p r e cesses, artists play an important role either in perpetuating conservative modes of artistic practise that support the status quo or in exploring hybrids of new and traditional modes and thus expanding our perception of the individual and society. John Stewart suggests that "one of the functions of art may be to render us truly conscious that reality is wonderfully and mysteriously more rich and complex than we are led to believe on the basis of any finite set of perceptual modes" [51].
Individuals working through internal pressure groups or unions within institutions who surreptitiously make suggestions for subtle changes can be effective. But, given the exponential growth of global conservatism over the last 5 decades, guerilla tactics-e.g. developing alternative communication networks and organizing with like-minded individuals, organizations and community groups to appropriate or create media and public events, conferences and information outlets for applying political pressure in sensitive areas-seem more appropriate. Similar strategies have proven most effective for the Establishment Right and the Extreme Right, so why not use their own tactics against them?
Emerging concepts in art and science have much more than historical precursors in common. They also share certain ways of seeing. For this reason, art and science have the potential to cross-pollinate and form a hybrid that can act as a powerful catalyst for social, political and economic change. T h e more artists cooperate and organize with other creative individuals and organizations to explore these new perspectives and values in a publicly accessible and participatory way, the more consumer capitalism will respect and recognize the need to appropriate these new values for its own economic survival.
A recent example of large corporations' willingness to embrace environmental concerns involved a sculptor friend, David Cranswick, who recently completed an outdoor installation titled Constnuting Nature for the 1991 Australian Perspecta, involving lasers, reflective materials, solar-powered lights, a sensor and 600 river red gum trees (Color Plate A No. 1 ) . This piece draws attention to the way in which Western culture attempts to impose a particular order upon our natural environment. If the 600 river red gum trees in the installation had been allowed to grow to maturity, the geometric configuration of the tree planting would have broken down to be replaced by an organic order [52].
Cranswick already has sponsorship for materials from 3M Corporation and was donated the trees for his installation by the Australian corporation BHP. In addition, at the time of this writing, plans are in place for the mass-production of hand-drawn and computer-generated images of Cranswick's piece for placemats in McDonald's restaurants throughout Western Sydney as an advertisement for Perspecta! Where d o we draw the line between collaboration, appropriation and subversion?
There are rich underground tributaries of history and culture for artists to draw upon in the search for an organismic, interdisciplinary artistic language. Never mind how strange or contradict@ ry it may at first seem. It is a voyage of discovery. Anyone can participate. 
7.
Although Hegel rejected the central tenet of evolution, i.e. a temporal flux and gradual transformation of form in nature, his philosophical focus on the rise and mriation of forms of self-consciousness in the historical process not only was deeply indebted to the early evolutionists and Romantics, but furthered, in some respects at least, the radical political agenda of the alchemists and early evolutionists, especially with regards to Hegel's influence on the young Karl Marx and the Situationist Guy Debord. 9. The most convincing evidence for organismic behaviour at the quantum level surrounds the inconsistency of most interpretations of quantum theory, particularly in relation to the EinsteinPodolsky-Rosen thought-experiment, empirically tested in a systematic way for the first time by Alain Aspect and his research team in France in 1981. The experiment shows that either classical science's commonsense notion of objective reality or the fundamental notion of locality must be abandoned. "Locality" means that events and objects that have a distinct spatio-temporal existence (in three dimensions) cannot "signal," or communicate, with one another faster than the speed of light. Aspect's experiment showed that information was being transferred between such "distinct" quantum phenomena at faster-than-light speed, implying that reality is ''seamless" at some level that is beyond normal perception and the scope of orthodox physical theories and that cooperative systemic behavior is in evidence even at the quantum level. David Bohm's theory of the "implicate order" is a convincing attempt to come to grips with this phenomenon. 
